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SOLA collaboration: The team 
Multi-national and multi-wavelength collaboration composed by scientists with 
technical expertise in ALMA and in infrared and optical techniques.   
Aim: to establish a low-mass star formation scenario based on the Lupus 
molecular clouds and focusing mainly on 10-10^4 AU scale physics. 
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Why Lupus as archetypal Star Forming region in the 
southern hemisphere? 
•  Lupus (150 pc ~ same distance of Taurus)  can play a similar role than 
Taurus in establishing a star formation scenario of low mass stars in the  
ALMA era.  
•  High elevation observations in the southern hemisphere are possible 
because of low declination. 
 
•  Above all, our group members have high quality 1.1 mm continuum data on 
Lupus I-IV taken with AzTec/ASTE. These continuum data can 
characterize YSOs quantitatively with Spitzer, Herschel and other archival 
data.  
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AzTEC maps at 1.1 mm 
C18O(1-0); Hara et al. 2001 
Lupus 1 
Lupus 4 
Lupus 3 
Lupus 2 
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Team Organization and topics division 
•  Core and Filaments 
•  Lead: Javier Rodon 
•  Deputy: Satoko Takahashi 
•  Accretion 
•  Lead: Masao Saito 
•  Deputy: Bill Dent 
•  Outflows and Jets 
•  Lead: Lewis Knee 
•  Deputy: Adele Plunkett 
 
•  Disks  
•  Lead: Antonio Hales 
•  Deputy: Koraljka Muzic 
•  This talk: 
•  SOLA catalogue 
•  Disks  
•  Substellar objects 
 
•  See also: 
 
Session 5 Observations overview (Multiplicity at 
early stages): M. Saito 
 
Posters:  
-   “Filaments in Lupus I” (S. Takahashi)  
-  “Deuteration in Lupus I” (J. Rodon) 
 
-  “SOLA catalogue: Sub-millimiter and 
millimiter sources in Lupus”  (C. Lopez) 
 
-  “Eruptive EX Lup seen by ALMA” (A. Hales) 
-  “Testing the formation mechanism of sub-
stellar objects in Lupus” (de Gregorio-
Monsalvo) 
 
SOLA catalogue (submillimeter and millimeter sources 
in Lupus):  C.Lopez’s poster 
•  Based on  continuum maps  at 1.1 mm taken with the AzTEC bolometer at 
ASTE 10-m antenna. 
•  CLUMPFIND for clumps identification and basic characterization (size, 
flux). 
•  Positions cross-matched with multiwalength catalogue using optical to cm 
archival data: WFI, DENIS, 2MASS, AKARI, ATCA, SMA, SEST, WISE, 
IRAS, Spitzer, LABOCA (APEX), and HERSCHEL telescopes.  
•  SED analysis for classification (pre-stellar to Class III). 
•  Results: 
Ø  189 starless cores 
Ø  4 Class0 
Ø  7 Class I 
Ø  49 Class II 
Ø  2 Class III 
                                        …Work in progress   
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SOLA disk group activities 
•  SINFONI Data: outflowing gas kinematics at AU scales (PI Stefl) 
•  APEX CN Survey in Disks (PI de Gregorio-Monsalvo/Hales) 
•  EX Lup ALMA Imaging (PI Saito/Hales) 
•  IM Lup ALMA Imaging (PI Pinte) 
•  NACO/VLT Binary Survey in Class II Sources (PI Muzic/Grellmann) 
•  FIRE/Magellan Spectroscopy of Class II disk-host Stars (PI Muzic) 
APEX CN as disk tracer 
•  4 out of 8 disks detected 
EX Lupi kinematics 
  (See A. Hales poster) 
 
SOLA disk group activities 
Measuring the vertical CO snow line in IM Lupi 
ALMA 
Pinte et al. in prep.  
 
Testing the formation mechanism of sub-stellar 
objects in Lupus 
Discovery of the first BDs: Nakajima et al. (1995), Rebolo et al. (1995)  
MASS RANGES 
Brown dwarfs:  0.080 M¤--0.013 M¤ 
Planetary –mass objects  < 0.013 M¤ 
Sub-stellar objects do not have enough mass to maintain nuclear reactions in their 
cores, as do stars on the main sequence. 
Substellar Objects: how do they form? 
     2. Aborted  Stellar embryos 
 
												Ejection?  
   Dynamical processes in stellar clusters     
   (ejection of the least massive objects.) 
					
1.  Like low-mass stars? 
 
Cloud fragmentation &  
Gravitational Collapse 
     Photo-evaporation  
Presence of high-mass stars 
3. In circumstellar disks 
(like planets)? 
Courtesy: D. Stamatellos 
Courtesy: M. Bate 
Courtesy: NASA 
  
Impacts in the BD formation scenarios: 
 
If we find pre- and proto-BD surrounded by cold dusty envelopes, and 
disk-jet like systems, similar to low-mass stars, they would provide 
direct support for in-situ formation as the most common formation 
mechanism. 
 
•   Set of pre- and proto-stellar candidates of substellar nature in Lupus 1 and 
3 using our catalogue and the literature. 
 
•  33 pre-stellar objects, 7 Class 0 and I objects, and 22 Class II objects  
•  ALMA band 6 data: continuum 1.3 mm and CO(2-1); 0.8” spatial resolution 
(~110 AU), rms 70 μJy. 
 
 
ALMA survey in substellar objects in Lupus:  
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Results 
•  17 detections (~30%) with ALMA continuum at 1.3mm  
•  Smm galaxy gravitationally lensed (Tamura et al. 2015) and a known young 
stellar object surrounded by a protoplanetary disk 
•  Mass <0.013 Msun (planetary masses) for the remaining objects (Tdust=10-15K; 
d=150-200 pc, κν =0.009 cm2 g-1 , gas-to-dust ratio 100).  
•  SOLA catalog: counterparts at other wavelengths and SEDs. 
Results 
•  Lupus I-Ab,B,C,E,Fa,Fb, and Lupus III–A,B,E, and F are deeply embedded 
protostars or starless pre-BD candidates. Most of them are not resolved 
spatially and they would need to have radius between 3 to 42 AU to become 
gravitationally unstable. No gas associated.   
•  Their real nature need to be further investigated. No extragalactic 
counterparts are found in the NED catalogue at the position of these objects.         
Results 
•  Lupus I–Aa is a sub-luminous (Lbol = 0.0026 Lsun) Class 0-I source, and  Lupus 
III-C is a sub-luminous (Lbo l= 0.023 Lsun ) Class II/III source.  
•  Sources Lupus III- D, I, and H are previously known young brown dwarfs in 
accretion phase. We report the presence of large dust grains, millimeter size, 
for the first time in these brown dwarfs.  
•  Gas emission is clearly detected in source Lupus III-D, tracing a molecular 
outflow, as well as in Lupus III-G tracing a Keplerian disk.    
 
What’s next? 
Deeper more sensitive ALMA observations in gas and dust  will be 
needed to confirm: 
 
•  Faint detections in continuum 
•  Association of these objects to Lupus. 
•  Dust and gas properties. 
 
Thanks! 
